Human rhythmic activities are variable. Cycle-to-cycle fluctuations form the behavioral observable. Traditional analysis focuses on statistical measures such as mean and variance. In this article we show that, by treating the fluctuations as a time series, one can apply techniques such as power spectra and rescaled range analysis to gain insight into the mechanisms underlying the remarkable abilities of humans to perform a variety of rhythmic movements, from maintaining memorized temporal patterns to anticipating and timing their movements to predictable sensory stimuli.
INTRODUCTION
The human motor system is often required to act in a specific timing relationship with certain external rhythmic events. Despite a venerable history of investigation, it is not well understood how this feat is achieved. A basic experiment to study this behavior asks the subject to tap in synchrony (on the beat) or in syncopation (off the beat) with a periodic stimulus. Although the subject can perform the task well for a range of frequencies, inevitable timing errors occur on each tap, the analysis of which is an important step toward unraveling the underlying control mechanism. Dunlap (1910) was the first to carry out a systematic study of the synchronization experiment. One of his main observations was that the mean synchronization error (asynchrony) is negative, indicating that the subject is not simply reacting to the stimulus but tends to tap in advance of the stimulus onset, in contrast to the title of his article, ''Reaction to Rhythmic Stimuli, with Attempts to Synchronize.'' This result and its subsequent confirmation led to the Paillard-Fraisse hypothesis, which established the essential role of sensory feedback in the maintenance and execution of the synchronization task (Aschersleben & Prinz, 1995) . Woodrow (1932) examined the effect of stimulus frequency on the accuracy of performance. He found that the relative performance, measured by the ratio between the standard deviation of the synchronization errors and the stimulus period, is an inverse bell-shaped function of the stimulus frequency, with the minimum at 1.25 Hz. This result quantifies the empirical fact that the task becomes more difficult to perform at both the high and the low frequencies.
Mean and variance (standard deviation) are static measures that do not reflect the temporal structure in the data. Michon and van der Valk (1967) were the first to explicitly point out that ''studies of tapping behavior have failed to incorporate the
